Objective: To determine the distribution of echogenicity (hypoechoic, isoechoic, or hyperechoic) and predominant intraoperative ultrasonography (IOUS) echogenic appearance of colorectal liver metastasis. The interpatient and intrapatient variability of tumor IOUS echogenicity was assessed.
I
NTRAOPERATIVE ULTRASONOGRAphy (IOUS) is an important tool for accurately staging colorectal liver metastases at the time of resection. [1] [2] [3] [4] [5] Even after careful preoperative imaging, new intraoperative findings or findings different than those suggested on preoperative imaging studies are commonly found using IOUS. 3, [6] [7] [8] [9] [10] Specifically, IOUS has been reported to identify at least 1 additional malignant lesion in 10% to 12% of cases. 10 Furthermore, in 20% of patients with colorectal metastases, IOUS offers new information that alters the operative plan. 10 Intraoperative ultrasonography has also been suggested to have an oncologic benefit. Several investigators have shown that IOUS beneficially influenced the surgical outcome of patients with colorectal liver metastases by guiding resection and identifying otherwise occult lesions. 8, 11, 12 As a result of these data, IOUS is now routinely used to evaluate the liver prior to resection of colorectal liver metastases.
The echogenicity of colorectal liver metastases on IOUS can vary considerably. Colorectal metastases can appear hypoechoic, isoechoic, or hyperechoic in comparison with the surrounding liver tissue. [13] [14] [15] The echogenicity of the metastasis can influence the surgeon's ability to detect lesions on IOUS because isoechoic
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lesions may be more difficult to discriminate from the adjacent liver parenchyma. Furthermore, in patients with multiple metastases, the ultrasonographic appearance of each distinct colorectal metastasis may not be the same, further complicating the surgeon's ability to use IOUS to detect occult lesions. Currently, there are few data on the interpatient and intrapatient variability in echogenicity of colorectal metastases. Whether tumor echogenicity is associated with patient factors (eg, age, sex, history of chemotherapy) vs tumor-specific factors (eg, size, location) remains largely unknown. Correlation of radiologic and histologic findings with the varied types of echogenic lesions is also ill defined. Such information is important because it may predict the expected IOUS appearance of otherwise occult lesions. Moreover, in patients with more than 1 metastasis, the echogenic appearance of an index lesion may help predict the echogenic appearance of additional occult disease. Given this, the objective of the current study was to examine the sonographic features of colorectal liver metastases with respect to echogenicity. Specifically, we sought to determine the distribution of echogenicity (hypoechoic, isoechoic, or hyperechoic) and the predominant IOUS echogenic appearance of colorectal liver metastasis. The interpatient and intrapatient variability of tumor IOUS echogenicity was also assessed.
METHODS
Between January 1998 and July 2001, 99 patients with colorectal liver metastasis underwent resection by a single surgeon (M.A.C.) at the Johns Hopkins Hospital. Only lesions that were confirmed on histologic examination to be colorectal liver metastasis were included in the study. All patients were evaluated prior to surgery with a baseline history and physical examination; serum laboratory tests; computed tomographic scan or magnetic resonance imaging of the abdomen and pelvis; and a chest radiograph or computed tomographic scan. The following data were collected for each patient: demographics; history of preoperative chemotherapy; tumor size, number, and location; and operative details. The study was approved by the Johns Hopkins institutional review board.
At the time of surgery, IOUS of the liver was performed by 1 surgeon (M.A.C.) using a 4.0-to 8.0-MHz, commercially available curvilinear transducer (Philips ATL HDI-5000; Philips Medical Systems, Andover, Massachusetts). The IOUS was performed in a systematic manner to avoid missing any occult lesions. 9 When identified, lesions were imaged in both the longitudinal and transverse planes to define the relation of the lesion to surrounding structures, such as the portal or hepatic veins and biliary structures. Ultrasonography settings were kept consistent for image capture using standard presets, including the (1) depth of field, (2) location of focal zones, (3) scan orientation, and (d) image zoom settings. The gain was adjusted on a case-by-case basis to optimize visualization of the known hepatic lesions depending on the inherent echogenicity of the liver being examined. In each case, all evaluable IOUS images were digitally recorded as standing images in 2 views and randomly coded. In all cases, a sufficient sample of the surrounding nontumorous liver was captured on the recorded image to allow for comparison of the hepatic lesion with the surrounding nonmalignant hepatic parenchyma. Three independent reviewers (M.A.C., S.S., and S.N.) reviewed the IOUS and scored the images in a blinded fashion for echogenicity (E score) and ultrasonographic pattern (P score). The E score was computed using a Likert (ordinal) scale for echogenicity, with 1 being the most hypoechoic, 3 being isoechoic, and 5 being the most hyperechoic (Figure 1) . The P score was based on 4 distinct (nominal) appearance patterns: (1) target/"bull's-eye," (2) scattered calcifications, (3) homogeneous, and (4) other (Figure 2 ). The average E score and the mode P score from the 3 reviewers were used for purposes of analysis. All lesions identified by IOUS were confirmed as metastatic adenocarcinoma on final pathologic examination.
Statistical analyses were performed using the KruskalWallis (ordinal) and permutation (ordinal and nominal) tests to assess the variability of the E and P scores both within patients (ie, intrapatient variation) and between patients (ie, interpatient variation). The Kruskal-Wallis test is a nonparametric (distribution-free) test used to compare 3 or more independent groups of sampled data. Unlike the parametric independent-group analysis of variance (1-way analysis of variance), this nonparametric test makes no assumptions about the distribution of the data (eg, normality). 16, 17 For the permutation test, 1000 permutations were generated under the null hypothesis (ie, no intrapatient or interpatient variation in E or P scores). To do this, the E and P scores were randomly permuted, the tabular results were averaged, and then the 2 test statistic was calculated comparing the null result with the observed result. The P value was then interpreted to mean the probability of seeing the results under the null hypothesis (eg, that there was no correlation within lesions from the same patient). 
PATIENT AND IOUS LESION CHARACTERISTICS
The clinical features of the 99 patients in the study are presented in Table 1 . There were 55 men and 44 women, for a male-female ratio of 1.25:1. Most patients (62.6%) received preoperative chemotherapy; a minority of patients (18.3%) treated with preoperative chemotherapy had evidence of hepatic steatosis greater than 30% on final pathologic examination. At the time of surgery, sonographic evaluation of the entire liver was possible in all cases. A total of 194 lesions were identified and evaluated. The median number of lesions was 1.3 (range, 1-7), with the majority of patients having 3 or fewer lesions ( Table 2 ). The median tumor size was 2.9 cm (range, 0.4-10.9 cm).
The ultrasonographic appearance of the colorectal liver metastasis compared with the surrounding liver tissue was hypoechoic in 52.0% (E score = 1, 18.3% and E score=2, 33.7%), isoechoic in 35.7% (E score=3), and hyperechoic in 12.3% (E score=4, 10.8% and E score=5, 1.5%) of cases. Clinicopathologic characteristics, including patient age and sex, as well as tumor size, number, With regard to the pattern appearance on IOUS, most colorectal liver metastases appeared homogeneous (50.8%). Less commonly, identified lesions were characterized by a target/bull's-eye appearance (20.0%), calcifications (19.0%), or other distinct features (10.2%). Tumors receiving preoperative chemotherapy were more likely to have an IOUS target appearance (P score=A: preoperative chemotherapy, 11.5% vs no preoperative chemotherapy, 5.3%) or scattered calcifications (P score=B: preoperative chemotherapy, 19.7% vs no preoperative chemotherapy, 1.3%) than patients who did not receive chemotherapy (both P Ͻ.05). Other clinicopathologic factors, such as age, sex, and tumor size and location within the liver, were not associated with tumor IOUS appearance (all PϾ.05).
IOUS ECHOGENICITY AND APPEARANCE: VARIABILITY ANALYSIS
To determine how the echogenicity and IOUS appearance of tumors correlated within the same patient and between different patients, an analysis of all possible lesion pairs in patients with more than 1 lesion was performed. Forty patients had multiple lesions, for a total of 135 tumors and 206 lesion pairs. If a patient had 3 lesions, for example, 3 lesion pairs were available for analysis (lesion 1 compared with lesion 2; lesion 1 compared with lesion 3; lesion 2 compared with lesion 3). Using the permutation test, the expected agreements under the null hypothesis (ie, lesions within patients are no more associated than lesions between patients) were determined. To do this, the E scores and P scores of the 135 lesions were randomly permuted to estimate the expected agreement between lesion pairs if there were no association between tumors from within the same patient. The observed percentage of agreement within tumors from the same patient and the expected agreement under the null hypothesis were then compared using 2 tests. For patients with multiple tumor metastases, the majority (84%) of lesions within the same patient had either the same E score (40%) or an E score that differed by 1 grade (44%). In patients with multiple metastases, only 16% of lesions differed in the E score by 2 or more grades. The high degree of E-score correlation between tumors within the same patient was more than would have been expected by chance alone (Table 4) (P Ͻ .001), suggesting that the echogenicity of lesions within the same patient was more similar than the echogenicity of lesions between different patients. A similar analysis of P scores revealed a 50% agreement in the P score of lesions from within the same patient compared with an expected 35% agreement under the null hypothesis (P=.002). In aggregate, these data indicate that lesions within patients were more similar with regard to both echogenicity and appearance pattern than lesions found between different patients.
COMMENT
Despite advances in preoperative imaging technology, IOUS remains the gold standard for accurately staging a There was less variability in lesion tumor echogenicity within the same patient than would be expected by chance alone (P Ͻ.001). patients with hepatic tumors. 10 Several studies have shown that IOUS often reveals important new information not seen on preoperative imaging and that these findings can change the operative plan in up to 50% of patients. 1, 4, 6, 18, 19 The accuracy of IOUS to detect colorectal metastases depends, however, on an exact analysis and knowledge of the tumor's sonographic characteristics. The present study is, to our knowledge, the largest report that has specifically evaluated and characterized the sonographic features of colorectal liver metastases with regard to both intrapatient and interpatient variability. The use of prospectively collected standardized digital image recording and blinded review of the IOUS images allowed us not only to evaluate the sonographic features of colorectal liver metastasis but also to assess more directly the variability in tumor IOUS appearance.
Currently, there are few data on the IOUS characteristics of colorectal liver metastases. The few previous studies [13] [14] [15] that have examined the echogenicity of colorectal liver metastasis reported that the majority (54%-65%) of colorectal liver metastases were hyperechoic in nature. In contrast, in the current study, most colorectal liver metastases were found to be hypoechoic (52.0%). A number of factors may account for this discrepancy. Previous studies did not involve dedicated rereview of IOUS images but relied instead on retrospective review of operative notes. 13, 15 Such retrospective reviews may be subject to selection biases, whereby only the most prominent lesions (ie, the hyperechoic metastasis) are recorded. A major strength of the current study was that a dedicated blinded rereview of the IOUS images was performed. Such a review is more likely to provide an accurate account of the echogenicity of colorectal liver metastases.
In addition, previous studies classified tumors as either hypoechoic or hyperechoic, while omitting any reference to an "isoechoic" classification. 13, 15 Since the IOUS appearances of liver metastases may occur over a broad continuum, a Likert or ordinal scale, which includes a category for isoechoic lesions, is a more appropriate tool for assessing echogenicity. Given that isoechoic lesions have an appearance most similar to the echotexture of the surrounding liver and are therefore the most likely metastases to be missed, it is critical to account for this category of metastases in any investigation of liver metastases and IOUS echogenicity. In fact, we found that a significant minority of tumors had an isoechoic appearance (35.7%). In aggregate, these data serve to emphasize that the echogenicity of colorectal liver metastasis can vary considerably. In addition to hyperechoic lesions that are often easier to identify on routine IOUS, surgeons need to be attentive for isoechoic and hypoechoic lesions, which can be found in more than 40% of patients.
One interesting finding in the current study was that the index lesion of patients who otherwise had occult and/or small (Ͻ1.0 cm) metastases detected by IOUS was more likely to be hypoechoic or hyperechoic. Size itself, however, was not significantly associated with echogenicity or overall IOUS appearance (both PϾ.05). Similarly, other factors such as age, sex, tumor number and location, preoperative chemotherapy, and presence of hepatic steatosis were all not associated with echogenicity.
The lack of an association between these factors and echogenicity needs to be interpreted cautiously, however, as only 99 patients (194 lesions) were analyzed and the current study therefore may have been underpowered. Nonetheless, these data do suggest that issues related to IOUS test sensitivity, rather than biology, may have accounted for the preponderance of hypoechoic or hyperechoic lesions noted in the otherwise occult small lesion category. Rather than small occult lesions being inherently hypoechoic or hyperechoic, a more plausible explanation would be that IOUS was not as sensitive for small otherwise occult isoechoic lesions. That is, small hypoechoic or hyperechoic lesions were probably easier to identify whereas small isoechoic lesions, which were similar to the echo texture of the surrounding liver, were more prone to go unnoticed. Data suggesting that IOUS is helpful in identifying an additional 10% to 20% of lesions have not discussed whether the additional lesions are more likely to be hypoechoic or hyperechoic. 3, 6, 7, 9, 10 Our data strongly suggest that although the sensitivity of IOUS may be good for small lesions with different echo textures, IOUS may not be as sensitive in identifying small otherwise occult isoechoic lesions.
Another important finding was that lesions within patients were significantly more likely to be similar in echogenicity and appearance than lesions between patients. Thus, although the echogenicity of colorectal metastases in general was quite variable, metastases within a given patient were ultrasonographically similar. In other words, if a patient was found to have 1 colorectal metastasis that was hyperechoic, any subsequent metastases were more likely to also be hyperechoic (Table 3 ) (PϽ.001). Hence, for any given patient, the ultrasonographic characteristics of 1 metastatic colorectal lesion may help predict the appearance of subsequent lesions. Such information has important diagnostic and therapeutic implications. First, from a diagnostic perspective, knowledge that subsequent lesions are more likely to have a similar echogenicity and appearance as the index colorectal metastasis can alert the surgeon to be more deliberate in searching for lesions of the same echogenic pattern. For example, if the index lesion is hypoechoic, then a second or third previously undiagnosed lesion is much more likely to be hypoechoic. In addition, if the index lesion is isoechoic, one might anticipate that otherwise occult lesions will also be isoechoic and likely more difficult to detect. Prospective use of such knowledge may help to increase IOUS sensitivity in detecting small occult lesions. Occasionally, IOUS can reveal a lesion of indeterminate significance for which the surgeon has a low clinical suspicion (eg, hyperechoic lesion possibly representing a hemangioma). Based on our data, the surgeon's suspicion of occult malignant disease should be heightened considerably if the "indeterminate" lesion has the same echogenicity as the index lesion.
A potential weakness of the current study was our reliance on a visual grading scheme. Visual grading of liver echogenicity has been criticized as being inaccurate because it is subjective and observer dependent. 20 As such, some investigators have advocated the use of densitometry to more accurately assess the density/echogenicity of liver lesions. 20 Vehmas et al 21 reported, however, that
